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*L n ^M: 6^ 'ffr />L T , f - JL^^I^M: ^ t f«l ^fe^ i(lJ=b P^ii^^M^X 

A M: SK Ge, Sn. Pb, Ga, In. Zii» Cd. Mg, Al> Ba. K. 

Li. Na. Ca. Sr. Cs. Rb 6^^:^4t^i^il'&^n6fF IL^^^; 
B^: >^^i^^5A~8:^6^>f^l^i^. 

i^^k^Mci^^^M^^ >;i>^LBa>Bh6^^^,. 

^ A ^^^^it^^^ Si> Ge. Sn. Zn. Cd. Al ^ Mg iih^^^ 

i^, ^/rii. Blft6friL*L>fb>§-#^ Ru. V. Mo. Re. Pd ^ Ir 



e.-kf'M]^^ 2-5 ^^^^ 

^^J^^t^^^^^^ 0.1-50 M.^'Voiim^^^, 

7.>*L^>JJ^^ 1-6 f^-^f^^^tM^^^X.^, *#4£>^t 

A-l la.: Si. Ge> Sn. Pb. Ga. In, Zn, Cd, Mg, AK Ba. 
Lk Na. Ca> Sr. Cs. Rh ft^^^^t^^^^*^ in ¥i fLit^ I 

A-2lft: Ge, Sn. Pb, Ga> In> Zn. Cd. Mg. AL Ba. K. Li, 

Na, Ca, Sr> Cs, Rb ^^^it^^M^tin^ 

B-2 MM^A 5A~8 ;^6^^*L4fc'^^. Si ^^iki^^^^%, 

A-l ifti?. A-2 la6^it*l.>ft:.^i^i& Sn. In ^ Zn fitJ^i^-fc^i^^ 

11. -k^M]^^ 8-10 t'^-^^^6^^*L^^'5tife.7G>H^, 

P^iiL B-1 B-2 ^^^^^^ Ru. Re, V, Mo, Pd ^ Ir 

12. >*l^J#^ 8-11 t^-^^^fi^^^l'^iStiLitiG^, 

.j§L^;r^fa*J.>i-^W*L;&fi^^-f:ib 100 J^-^%Bt, ^/r^ B-i Mil 

B-2ia6^'f^'^i^'^J:i(7 0.5-30 last's-. 



U.-hJI^^]^^ 8-13 t^-^>?t3^6^^*l*%^tjS«Life,ic#, ^#;&£ 

^f-. ^-^^ ( 1) ~ (3) ^^^ft^ 

[-^^ ( 1) t. Ari^>S^^>«; 6-50 6^^^:^^. AH. Ai^^ Ar^ 
^i5'JAiu;5|^i<.^i& 6-50 6^^^:^^, Ar^ Ar', Ai^ ^ Ar" 6^ J. 
*t-4^^^^^^» i^l^it n i& 1-6 6^4^^. ], 

/Ar^ 

Ar'H-N, 



5 / f^t^ \ (2) 



"^Ar^ 



m 



(2) t, Ar^^^lgti^ 6-50 Xt^ ^ Ar^^ 

m^M.^^^^^ 6-50 Ar", Ar*#^ Ar^ 6^ J. * t - 

Ar«^N-V(-Ar'^ N -^Ar'^U-^N-X O) 

[-J&^(3) t. Ar»j^ Ar^^A-Sl^^ 6-50 6^^^;^^, Ar'-Ar" 

6-50 6^^^;^^, Ar«-Ar»" 6^^i>'*t-^^ 

^ 1-14 t'^—^^^^^M^^^^'^^Mik^y^^, ^m^i^ 
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^^^ni^:sL^^^^^^7t^ ( T^xyt^^^t^ EL >t#) ^ 

(1) *f-^4^AgI>3^iG#, -^^^IL^^ii:^^. 

(2) ir^JStit^^. 

(4) 

Sjlb, >j?L#^-f- 8-288069 ^^iS^ t^^T TJa^BtJal'^^ . 

jtfc^h, 5853905 -ft, ^^T^Fa*l;i-^iLit;g:^ 

^^\', 9-260063 -f>'>^t, 4^Lii:T^'&^ 4. 4', 4- - 

^[N- ( 3-^ J-^^) -N-^-S-^l-l^^J^^.^ ( ^if MTDATA 

7G^7&i6^, j^^^^^i^S^^M:^tSi, ;fi^1^ NiO InjOj. 
ZnO. SnO^il B. P. C, N, O ^ ^ M.'y —^^^^^^¥^^^¥c 
M:^ Nij.^O ( 0.05^x^0.5) ^M^M-^^M:^^¥^ EL tL^. 



I 



jlb^h, Jt^^'j 2824411 ^>^S^t, i^M~l}^'hfn^M^^^St^ 

M:^^, ^^^>b^4fc#^ (ITO) ^^^^f^^^^^ffi^^^^^. 
^-^^m RuO^> M0O3. VjOsi^^^rt^ EL 7t^, ^iK^M^^ 

>j§t#^^ 8-288069 ^^m> 5853905 -f-J^-^ 

jfc^h. >^t#^^ 9-260063 -f-/^^t^^6^**l* EL >G#*^i^^ 

,7&JL, 282411 -f'-'iSmtit^d^F^;^ EL TG^^P'fei^^ 

RuO,. M0O3, W^Os^^Mk^^^^^. 

j*^h, RuO.. M0O3. V205^<irJ|*.4fc«?#^6^it'a.J|tgia:i^>fiL 
>i5t 27000cm-' k:^-!!, QjH:., ii#^>^^^^:^la.^6^ 

;^.jfeTJLitSi^6^it:ife.+ (%) -^fl^^ ITO 

1/9-1/5, Qjfc, 4L«.*iLifc^^>l&#JLi^^h^#trij6^ifcf:!>'#^R^. 

>g-^^6^m*l;&, iiifc^ ( %) ITO 1/2 itit^^,^ 



EL EL iG^1^6^^Ji^:T'^. 

EL iG#, J54^^^^*fe.lt#ii#^*l. EL 

[i]^Xm^-A-ff^M ( ll-iL».« ) i?r-#^^ EL 7G^, J.!>';r 

^dlif 6^ EL it#. 
^t, >Jti"iL;^^i^>i-6^tl^t&^^'i^. ^^J?^© 7(a)^(b) 
^A^i^'etm. ® 7 ( a) ^^^FH*l>g-^^^*i^^i^>g-6^ t 
^;^*LiLit>&*5lfelS.5t:^, S 7 ( b) ^^W*l>&#I6^^^^M>g:^ 

fm^^M^^^^M:f^^M^n^. 7(a) ^® 7(b) t. 



( Ei). 

i^^^M^.M:^'^^^^ (Ei) T»':t^5Li{y>j^ Ev^ Ec 

Mittl^^^ ( Ei), ^^^^Afcji 
>^^it*t.#l^>&6^S^6^^^ ( jpL^#.i&4iil, HOMO ( Highest 
Occupied Molecular Orbital)). 7(a) t. 

;t*LjLit>&6^%-^#i^ir (Af) iL^tik, f^icl-kf^ikiian^^^J^. 
^ ^ >j5t ^ * Ji I5« ^ j:i iL;^^ J^>g-fi^ 1 151 tl&i^>^ W *L;& T ^ ^ 3fc 

^i^tl^^^ ( Ei), 
^Afe,is.>^J.;f;^iLit>g-6^^^^^( ^^^#*,fe4iii, LUMOC Lowest 
Unoccupied Molecular Orbital)). 7(b) t. ^3iil>5^d&^^ 

5l^it*u^JBl>&, i^icim.^^&^, ^^^A^^. 
^^j^^^XAHf^^^. f^ty^^yj^^H^^'S- LUMO ilM^^^ 

it, *i^>jfe^J:JiAf:i5|l«, /5ti5t-5r>5lj^fiJ46>fi-f HOMO 



A SK Ge. Sn, Pb, Ga. In. Zn. Cd, Mg, AK Ba, K, 

Lk Na, Ca> Sr. Cs> Rb fi^>«St.:^4fc-0-^il'S^r3fi^ill.4fc#; 
BM: ;^^^4-5A~8;^6^^^.'^i^. 

EL 7G^. Jifc^h, -^^^^ A ^^^^^^^^ B 
;r*t.4Lit>i-«^ltfef^l«6^'tt^ BhN", |t:«^J^>«-Ba>Bhfi^^^. 

iip^iLitfi^^it^^^. ^yx^^^^Y^^ 
^^^^^ ( ^^\'> ^^^^^1#^^^> >-t^;r 

[4]j&^h, >^t;|^J^^-iL«^Bt, A^i^^^it^^^i^^ SK Ge> 
Sn. Zn. Mg. AL Ba. K. Li. Na. Ca. Sr. Cs. Rb ^ Cd fi^^ 



Mo, Re, Pd^Ir6^|L^#. 

0.1-50 J^^%^ffl d^iiL. 

i«r l-lOOnm ftm^^iM- 
EL it#6^;f >!t.-<fe.;F4-it;f . 



fn^M^m^M:^^f^n-:^^^^M:^t^y^ A-1 ^ti^#6^ 
J.:>'— B-1 J.!>'— ^M.Tii. 

A-2 lBLt^l#^ J-i>'j-#^*l*^^*^^^ B-2 ^^it^d^M-'y-^it 

A-1 ^JL: Si, Ge, Sn, Pb, Ga, In, Zn, Cd, Mg, Al, Ba, K, 
Li, Na, Ca, Sr, Cs, Rh ^^^^t^^M.'^^n^ n.^^; 
B-llft: J^4!Bi^4L5A~8;^fi^;^*L4t.^i^, 
A-2ift: Ge, Sn Pb, Ga, In, Zn, Cd, Mg, Al, Ba, K, Li, 

Na, Ca, Sr, Cs, F.b 6^'^:^'ft^i^^'&'fn 6^ IL'fi:.^; 



itiiM^'&^il#^ A-1 B-1 
EL TG-ff. 

ifiiJl, ig.it>^t.*.*l>g-t ^^^#6^ A-1 ^> A-2 B-1 B- 

^^s.>V'|i, ILdS^'&^&^itii.^iJ 4.0eV >':tJL6^>(lL, >^t;jilJ^W 

[9]j«:^K .^t^il^^iLaS^, ra*L>&jf«'K*L>&4l^ t— ^^^'fe^J- 
yg-d^ in • cm 

6^jS^>V.^, ^&JiLT>':tit:— #^^^^&^*^*ELiG4f6^4K^^B.. 
[10]A.^h, >^L;|^j3l^^iLH^Bt, A-1 laic A-2 
il^it*L^>^i^?P'0t.^L A-1 A-2 ^ ^'li-^^ 



B^«>t. ^y-t In In ^ Sn ft^^^zk^^^^^^fLT , 

^8««>^il:f^^6^^K^vt, ;9r>':t-^Jii*.fi^fe>|' in ^ Zn ^^ikit^ 

[ll]jH:^h, .i5b.;|il^|^r.;5^BjBt, B-1 B-2 ^^^t^^^^^ 

Ru> Re> V, Mo. VA^lri^^^^^^^^M^^^^). 

I12]jib^h, ^f^^M:^m^M:i^:^^^ 100 

;^-f-%Bt, B-1 Mil B-2 ^^i^^^^'k^i^^ 0.5-30 >^^%^ffl 1*1 

l~100nni^@if^d^^. 

^ ( 1) ~ (3) ^75^6^4^^^2:>)^^6^^#;^'ft.^^^6t^:>'-#. 

(1) 

^35'3^i.;^^il>^^ 6-50 Ar^ Ar^, Xr"^ Ar'^^'y 

(2) 
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[-Jfe:^ (2) t» Xi^^^§Sl^ 6~50 6^^^:^^, Ar" ^ Ar' :^ 
^JAi.>^^il-S^i^r 6-50 Ai^. Ar« ^ Ar^#^^:>'*t- 

(3) 

[-^iC. ( 3) t, Ar»^ Ar^^A^^iir 6-50 6^^^:^^, Ar'-Ar^^ 
^M^^)^^^^^^ 6-50 6^^^:^^, Ar«~Ar" 60J-!>'*t-^^ 

® 3^^W^ife^^6^^*l. EL 7G^6^^I*@. 



EL 7C.# 102 fl^^^S, ^-^J^^^^ ( ©ti^^ib ) ^±M^sfn^ 

m *L>& 10 W *L>g- 16 6^ vS^^J it;5r * ^f^ifciSt^^ , >«t ^ 
( 1 ) ^;^^i^>g- 

A ia: Si> GCv Sn. Pb. Ga. In. Zn, Cd. Mg. AL Ba. K. 
LK Na, Ca, Sr, Cs> ii^^i^kVC*^^^'^ini^^^^^\ 
B&: ^4li^^5A~8;^6^4fc^#. 

^t, A ^JL;^.;trt.^t.^#, T?'J#^itt SiO, (l<x<2X 

GeO, ( l^x<2 \ Sn02> PbO, InjOj, ZnO, GaO, CdO> MgO> SiN. 
GaN. ZnS. ZnSe. CdS» CdSe» ZnSSe. CaSSe« MgSSe, GalnN. 
LiO, (l^x^2X SrO. CsO, (l^x^2X CaO» NaO, ( l^x<2 X VX^ 
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jlb^h, A^^^^^^^"^. ^ SK Ge> Sn, Zn, Cd. Mg. Ba, 

K. Lk Na. Ca. Sr. Cs ^ Rh fi^^^it^¥!^'^ir]^ ^^t^ 

it 1^ ^^##^h^ A fi^ it ^. 

A^6^it*L>ft:.^i|bS|'^ASi> Ge> Sn, Zn. Cd. Mg^ Ah 
Ba. K. Li. Na. Ca. Sr. Cs ^ Rb 

M0O3. IrjOa. NiOj. Rh04. ReOx> CrOj. Cr203. RhO,. MoO,> 

B Mj^;^'(fc^#t, Ru, Re. V. Mo. Pd ^ Ir ^^^t 
i^Pp RuO.. ReO,. V2O5. M0O3. MoO^. PdOj* IrjOj JtJ^. it it 
^^il# B ^]m^^^J^M:f^^i^AfHil^> 

r^Sim B^^^¥^it^^¥s^^. ;^^^^0.M:^^-^^ 100 
>^^%at, B Mfi^ib^L^fc-^ilbfi^^^l:^ 0.1-50 M^^VofimJ^^ 

^iS^^f-, di.*^ B ^ii^^^it^^^^^j^k^t 0.1 >^.^%, ^ 

#JLit:«>l|'Ji (itit^) TSl^fi^^^L. 

/^r^^^^it;^^)^;^^^.^'^:^ 100 M^f-VoH, ^ B ^116^^ 
;^4b-^ifeii^>|-^i& 1-30 M'f-Vo^ni^^ilM.^. Ai^^ 2-20 >^-^ % 
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^^^"ii^iM.. B 0.1-50 M^f-Vo¥j 

•ff^JLT, A ^^^^^t^^f^^^^ 50-99.9 M^^Vo^m^ik., iS.^, 
J^^^^^M^ tL^- A iS.^ B iSL^^^it^^icX^l-^^t^^ ( ^ 

0.5~100nm ^Si^6^'lttfcT»':^. ^iS^.^f-, dii'^^;^*J^>g-6^J^>f 
0.5nm, fa^^J^^9fm^]^^^^y, ^±4^^, ^^^f^^H 

J^M-^ 0.5~50nm ^ ffl ^^y^ 0.S~5nm ttmfi^iM.. 

®^^^^ 

( Langmuir-Blodgctt ^ ) ^i^ik, i3i.^^^m^M^^t^M>k. 
t. ^^^>!l lxlO''~lxlO-^Pa.^l^3i>g.0.01~50niii/#.^*LS>^-50-- 

300x:#^r#->H^il#a^#. 
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iAi)^nifi^. 5tii*jfc^^Afi^tl«!^^ (Ei) 

^fV, Ec) i£^#>bfa;feL>&6fr^&^^( Wa) 

( 2 ) ^^X^M: 

'fS.^, ^F'ii'lSI 9t*^-t^ ( a) ~ ( c) 6^^^^^, ^'J>?P^^^ 
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IxlO-W/V • s yJLX^jit, i^'^'f^f- 
IxlO-WA^ • s, ^^^yJ^^^ft^ Eh X^^^^^^M-. ^^^^ 

SA., ^■i^^t^^^^^^^'^f'^^^^ 1.1x10-^-2x10^ 
cm^rV ' s^lmfy^'^^, M,^^ 1.2xlO-M.OxlO-^cmW-s^Sf'3^^. 

jfc^h, >^t^-^:3fe^^t. >^a^*l»4Life.>&t. |L:«^*sJiit-iSti(, 
( 1) ~ (3) ^TT^^^^^Z^^^^^^^^^-^^ C^m^^tj^ 

t, 6~50 6^^#;^;g.i*3, #i&>efc^fi^^>^^^ 5-50 6^:8^^ 

f a — "j/P, 7 3^Sfe>ML^^, 
^^^-iL^^> '^I'^.JI-. ^"i^i-. ^Sb8S^^. 
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n'ti — iji-y. yy^\^y. 3^ 

m^^^. ^^^^^n^> it^i^^. 

jfc^h, 6-50 ^^^^^^^iiimMS.^^^^^, 

( ti^^, r^Sb^. i-^^^, n-^H^, s-T^^, t-T|L^. 
m^JB,^^ 5-50 ^^^^.^m. 5-50 

'ft:^^#^^'f*^'«^J, T^'J^ilJi^ (4) -iC. ( 13) /Jt^^^'ffc^i^. 
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it^^^A^^^y ^H^^^ (14) (35) m^^^^^. 



<^~~^CH = CH CH = CH-<^~^ 






/ VcHrCH CH = CH-^ ^ 







CH=CH 




CH=CH 



CH=CH 






CH=CH^(^ 



(14) 



(15) 



(16) 



(17) 



(18) 
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^^^^A^^. T^J#ibiC (36) (44) ^if:¥jit^^. 
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A 50-450 1C. lxlO-'~lxlO-'Pa > M.f^^M. 

^ ^ 6^ *t t ^ 2t ^ ^ ^ J^^>y.i§^>^4^ ^ >^ 



j^^, .^t 5nm~5jim ^ ® I'ifi^iiL. *iSi^>^E.-f, dt^*^^;^ 




(45) 
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^Mz^J^M-^H 10nm~3nm tlM P^^it^^-^. i^f>j 20nin~l^m ^Bl 
(3) *.*L 

(ITO)> 46, ^^^^ 

jtb:^h, fa^>&6^>^>^-;S:^#J5'JP|L^I, 10~1000nm 

^-^ar^, J^m^M:^, ^m^^^*hi^ i^^. #.f- 4.0eV) 

4s, ^> 4|L^6^-#, il^^'^^ftL^^fl'^liJi. 

^^T^X, >^ 10~200nm ^^^^^^^^ 
(4) 
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®In. Sn> Pb. Au, Cu, Ag. Al> Tu Ni 

®MgO, SiO» SiOj. GeO> NiO, CaO> BaO> FcjO. Y2O3, 

®MgF2> LiF> AIF3. CaF2^^>^|L4fc^ 

® >j5aT^ )^4^ IL4fc^ t '^^^^^^^ 6^ ?2L#^J ^^6fr Mj^^ 
m.M>^^ MBE ( ^^^^h)^) :fcLB5l§^j^ll«:-^. ^ 

^M^i^ CVD ( 4t#^;fa2«::^.) Jk. ^tife. cvd jfe cvd ^ 

iSL4-J^^^ - PH;feL;g. 10 d^^^ EL 102, )«tf-*'S^ 

EL 7C^^^ t -*t4S^ 6^ ^^^M ik:^ 

-l!-^, ^fl^^^ik^^, ^ A&(A-llailA-2M)^B^(B-l 

*L^J^>& 12. 
(1) fn^M, 
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fn^M^i^m^^^tf^ A-1 ^6^it*L>ffc^#^ B-1 
A, ^-^^ A-l B-l i3.¥jit^^^m^m\^tt: 

^it^^, A-2 M6^^;^4fc.>^ifej^ B-2 ^^it^^it^^^Mmtt: 

A-lM: Siv Ge, Sn. Pb. Ga. In. Zn. Cd> Mg> Al> Ba> K. 

LK Na. Ca. Sr. Cs. Rb 6^>ML;^^t^i^i^. 'g-fH 6^ 

A-2ia: Ge. Sn. Pb. Ga. In. Zn> Cd. Mg. AK Ba. K. Li. 
Na. LK Ca. Sr. Cs. Rb fi^«.;^4fc^#^1^^n6^lt.4fc# 

B-lM: ^^^^5A~8:^fl^4t^4ib. >^ 

B-2 ^^^^ SA~8 ^i^^M-^t^-^. Si d^J^i^ifc^^illL 

Sjlb, iiit;f^j^M>^ A-llfti^j^^^L'ffc^i^^ B-l ^6^>ft.^i^. ^ 
A-2 ^fi^^^^t^^^ B-2 lJL6^>ft^i^6^PH;fel>&, ^J'Xls.^f^^ 

EL it'H^. 

jtb^h, A-1 ^ii^^^it^^^ B-l iBL^j^t^^^. illJL^ A-2 

M6^ie.*L4t^i^^ B-2 la6^^t.^i^>tt^^J>&^^^^/':^6^^'fcfe# 

m ^ ^ ^ ^ ^ % fa-'fi^ . 

#i(rjt*^^ A-1 ia6^:fc*L>ttS^i^, ^H^iH SiO, 
( l<x<2 ). GcOx ( l^x<2 ). SnOj. PbO. InaOj. ZnO. GaO. CdO. 
ZnS. ZnCe. CdSe. In^ZnyO ( 0.2^x/ ( x+y ) ^0.95 ). ZnOS. CdZnO. 
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CdZnS. MglnO. CdlnO. MgZnO. GaN, InGaN* MgZnSSe. LiO, 
(l<x<2X SrO, CsO, (KjcSIX CaO. NaO, ( l<x^2 ) ^. jfc^h, 

A-2 ^t^^^it^^^, ^H^iiJ^ A-1 M^M^^t^^ff^-^ 
SiO, ( l<x<2) ^yyL^\'¥j^t^^, 

ZnO Zn ^ ^it^ , ZnS-*§Zn6^^i'ft.^, Zn ^ O, Zn 

jtb^h, ^ X-\ Al-2 ^M^it^^ ^ , ^MASn. In^Zn 
^>^L A-1 A-2 ^ii^^^^^^ t it-iiL 'J- , m j8>J >f&, 

jtb^h, ^ A-1 ift^ A-2 M6^^;t«*>ft>^i^t, In^ ZniS^^m^^ 

jft-^h, ^P'&^iSt. Ge, Sii> Zn ^ Cd 6fr>^;^>ffc^#t> 
m^^^^i^. ^3., M.'y^:^ln. Zn A-1 ^^^i^i^n. 

j*^h, B-1 ia6^>ft.>^^, nr^'i^ib RuO,. ReO.. V^O,. 

M0O3. Pd02> IrjOj. Rh04. CrOa, CrjOa. MoO,, WO,. CrO,. 
Nb^Oj, NbO,. PdO,. C Ji6^M^, 

jHi^h, 'ftiJ^'ffei^d^ B-2 ^S^-ft^^, T^'J^tlJ^ B-1 iafifr^ffc-^i^ 
t, I^T SiO. SiOj. SiON, SIN, ( 1^x^3/2) 6^^^- 

B-1 Ift^ B-2 ia^>ft.^ifet, Ru. Re. V. Mo. Pd ^ Ir 
d^^'ft.i^, RuO,. ReO,. V2O5. M0O3. PdOj. Ir^Oa^:!^. ^iS 

jlb^h. >^t.B-l^^B-2lft6^4fc>^#t, Pdjgldlf, iiit^;^ Pd, 
T ^ ^ 6^ ^lii.^«J :i: . 
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y^'&L^n B ^ (4& B-l B-2 ia.j^#-i&4j^:5(7 B M6&^<JL) -fiS 
^i^fi^-l-^. >^tFa*L;&6^^>ibi{r 100 ;^-^%Bt, ^^^^^ B Mfi^^t. 

0.5-30 M^fVotlmn^^, ^r^^^'T. >^ B 
i^^^'ki^'T 0.5 ;^.^%, ^4;fB;fel>g-6^%^%.^6^r^#'li^;«^)ai^ 
^6^tfri5L, ^-f^^ifci^, J^jaT^#$lI 5.40eV~5.70eV F^. ^— :^ 

^^yJ^fVi^Mci^^^'k^ M.fVo^.^Bmt^^i^^^'k^ 0.8-20 

4!-;^, * A ( A-1 Mil A-2 M ) ^ B ia. ( B-1 lail B-2 M ) 
mit^^m^f^^M:^'^(^y ^ AM (-foA-lM^ A-2Mj^^^#7^/ 

-^i^-^frd^it. B M^^ife6^>^f:i& 0.5-30 >§^%6^'^2JLT. 

AM6^it*L4fc-^#6^>|-l:i& 70-99.5 1^6^ it. 

jlb^h, fa*L>&fi^J^;^'^^#i5«JF|L^N, 0.5-lOOOnm 

^m.^J^-t, ^^Fa*l>^6^]^;f.>f^-f 0.5nin, ^ ^ 8t fa] ^ 
Fa*L>g-6^J^;#-i^it lOOOnm, nf^^U^^^^^L^. 
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^ l.O-SOOnm ^ W 2.0~300nm fim^^^. 

^^if6^^*.'^^'H|-iJt.T, ^dti'vi:^. ITO, InjOj-ZnO. InZnO il^ir 

m^^M 40mCl ■ cm v:iT6^'(iLitif , ImSl - cm )':iT fi^^^dtf . 

#^^>^ IxlOMxlO-^Pa, Al^^A 0.01~50nm/ 

;t*L EL TC^ff^ 104 ^^>^^^ ( S t^^A ) -t^#-^>i^ 

^.m^M: 10. ^;^^i^>& 12, 13, :^M^X^M: 14 
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jI{#B^Ji (a-SiX a-SiC. fH ( \iCSi\ nC-SiC. H-VI :^ 

(2) ^;f^j^:^A:^)*- 

0.5nm~5^iin 5& S »^ 

^ ^ 5^ •;s.X>g-6^ ^ *;fa ISI 60 ;3r ji-. 

^6*;;^;^ EL it-ft 106 fi^^'I^g, ^:^>i9L^;feL ( ^f^^^ ) 
±M^sfB^M10. ^iL^0,M,12. ^^i^i^MlS. ^^^^M:14s 
%^>f.A.v& IS^m^M: 16 60^^. 

^Hfe. Silk, ii.i±tS:5:^f-'^X>& 15, T^^^fi^^^uiLitvi- 14 

^J^>& 12 ^miSLM 16 4Lf3l4t>?^ifc^^>?^.& 15 12*:^, 

^^60**1* EL TG^t 104 ;N^fiO^^. Sj*, JStTfi^-etsJI^hJtt^il^^ 
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— f^^^i^m^^n^^^M.^^^ EL ic#>^ 

(1) 

yX^Afii^^tM* EL TG-ff. 

LiO. NajS, NajSe jf^ NaO, ^^^^¥jik3:^Sk^J^^^^^May #J 
db»T?'J#^A CaO. BaO. SrO. BeO. BaS ^ CaSe. J*^h, #;5(y>K. 
jt6^-j;^^>^#^^^i^, '0»J:fc'T?'J#^A LiF. NaF, KF, LiCL KCl ^ 
NaCl. jfc^h, ^^^i^^^^S^i-^^v^^i-f^^Nb, CaF^. 
BaFj* SrF2> MgFji^ BeF2i9p#^ |L4fc^lb, v:t>S.|L4fc# vX;^h6^ 

jfc^h, #i?r*^J^*.^ii>^>&fi^4^-^#^, T^'J^^ib&^t'Ba, Ca> Sr. 
Yb. AK Ga. In, Lk Na, Cd, Mg, Si> Ta, Sb ^ Zn 6tFj.!>' — 
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^^^^^^ ( Alq) ^ Cs6^)S.^^. 

(2) ^^^^iJ 

1.8-3.6eV iimn^^. 1.8eV, 
>^^^#^;;!7j^it 3.6eV, ii|5^^^>*:^iLit^^#.6^i^^4b, ^ 

2.0~2.5eV n 1^ 

j*^K *.^-^>V>&i^^*LiLit>&6^'fc^*3^J*6^il>& 1.2eV JiiT 
S^-fti^dif, i^^J 0.5eV K:tTfi^iiLiti5^. 

EL 7t^. 

(3) il^i^ 

jfc^K ^^-^ife^^fit%^-;£X>&6^^I« ( i^^J 2.7eV 

yXJi6^>llLi^iff, itfll 3.0eV Jifi^^itif . 

-^ildpiLf- 2.7eV, ^^^^t 

(4) 
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M^^i^^M^^^J^^^ 0.1nm, ^^#>^t%^xiX't^Tl^^*L;Nt 
M-^^^ lOOOnm ifht.^^^^. ^^^^^icl^m^t^ EL tL^^ 
^^}3L/^M:^J§-Aim 0.5~100nin ^ffl ^iH^^y l~50nm ^ 

( 5) ^J^y^^k 

^m^A-t^^^^^, n^^^^^^^^y^^ m-it^^^^^M-^ 

;^ EL 7G^6t ^ W ^ . 
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(1) fn^M:^^^^0LM^i^^^ 

#^Hj§^>^* ( ^j5L2t*) ( ?^^>^: 0.01~10mol/fh, ^^J: ^^tj^-^. 
iSL^^AM' j^^iKia-^^ ( J^J-^L, 

•S.-^Btlil: 1-200 'J>Bt), >^tl^ ^ J(fc>S.^;f.## ( ^J^^^ lum 
vxy) ^, it^i^M (iS>^ 1200~1500X:, Btl8] 10-72 'hat, 24-48 

a^dW- A B 

t. 3^^^^^ IxlO-^-lxlO-^Pa. ^MiiA 0.01~50niii/^, 

>!l-50-300x::6^4^^^TJ5i. y.^A&^^^M^^, M,^yx^jkA 

(2) ;^*uiL^>&6^^^ 

#i«r-^«.^J-$^*t^3t 201, *#;t£>^tf-, 
203 ^#6^^^*^^ 213A, 212A-212F 
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^^^*L 203 213A ^i^^J:^, ^^]^^^^^^ 213 

203 i#, #JLAJl-^«^^ 203 ^ 212~212F 

^# 210 rtfiO-t^iitJL6^^-f ®^^*L 203 ^^^it^ 211, >':i>S.^ 
^^^^^ 211 fi^T^)JtJ^®iS.6^^1"^^^lt*t#6^^>h (6 >h) 
^It^. 212A~212F. Tt^^#210ig.it#^#^7G ( St^'i^*) ^^'^ 

jfc^, H-^fe.^^ 211 S.*iL#^*L 203 ^iS^^^fiO S 215, 
^^$#210 J^, ;^-5r;!K^^#^;fe. 203 >^l:^1>*L^^ 211 

Ji^96^ t:*:^^. ^Mf-^^^^ 203 213 SltSl^^M. 

^^Jl. ^:^##^#213-^'fti&^#4a^^'ff6^^;^214ii#, it 
iti^^^L 214 :g.*Li€.^ 211 Ji@^6^^^ 203 ^ik^^ 

^^211-7^>5i:^##^'ff 213#^:^#t'^^^#^#. ^, 
203 ^m^^¥f- 213 f'^^^^^^ 213A m^^^^t.^ 

T^, 201, ^-J^^^ 
12 

-Wk.. ^J-S-® 5 203, ^^^^ 203 

i^^'l*^^©^>^E.||.;feLi6^ 211 6^61 215 Jifi^4fe^. 

12 4 /St^fi^'flS-'S:® 221 Ji, 

;^^4^^m^^M 212B ^ 212C t, ^i5'J4^i-#^H-^#^^# 

l.OxlO-^Torr ( 133xlO"*Pa ). 

^'jfel^lti^ 212B ^ 212C, >W.^^|ta^ 212B ^ 212C t 



35 



203 213A ^^^stA^'k' l~100rpm ( 

^^^^0, 213A >^t.4<-^;5ri^Ji>fe^g^^j^^ M fi^'^X-t, 
203 ^ ^. 

'tS.'f^Jd^:fc»® 4 ^/f^, ;^^^ 203 ^^i^^^^^4fLT, •»Ta^^203 
^^^^0. 213A i<r t'^^^^S.iitBI 221 6^0flM JiS£jL|^>h^^^ltJ$ 
212A~212F, >j5t^i5LllI 221 ^^f^^i^ M, 203 L 

et, ^^J^A M> ( 1/2) xL 6^^^.. >^t^;fe. 203 

itdiit#6^^*^, #«J^|P>h^^li*:jS 212A~212F, ^"T^yJ^^ 
®^^^|ti!^fi^ge.5.2 
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203 213A 7<rt'^'^^S.^® 221 6^ ll|>^Ji&5.^ 

212A~212F, >^t^>hJj-^^|tJ$ 212A~212F 6^K.3L4^ ( ) 
n Bt, 221 6^t'^'^^^ 360°/n ^MJ^^nt$.^$r 

±^$L'^ 212A~212F. ^]-^, ^^te^^^lti^ 212 mM. 6 >h6^r+f-2SLT, 

M^i^^'ti. ^^-^], Alq, 

Cs, Srpm 6 /^t^^^^ 203, -ii#>':^T^'ft Ht^ 

^4^*:;^>^^ lOOOA ( ) 6^ ^ J^>g- ( ^ ii>^>ir ). 

Alqfi^^^«til>S.: 0.1~0.3iiiii/s 
Cs ^A^^it^J^: 0.1~0.3nm/s 

Alq/Cs 6^ Jl^j^: lOOOA ( -Sl^^ ) . ^ 

'li.^)fck4h^M>«l-ih«'J^S 6^/r7^6^at^J-;fe-203 Ji6^'^]^ 

(4A~4M) H^^^^f^^^LJ^^^LM-y Hfif^m X ^it^^ifc^J. 
( XPS) ^0H^ Cs/Al ( Alq tfi^ Al) iftJ^^«: ( >^^>t ). -jf-;^, ® 6 
;5t^6tsjL^;^*L 203 Jid^^"!^.* (4A~4M) *!L^;fe 203 

&J^6^'&:i^^ ( 13^) 6^*,. ^l^if^^M^^^. 
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^1 



/C- 


jSjS. ( A) 




A A 

4A 






/ID 

415 


1 fl'^^ 
lU^^ 


1 n 




1U4 / 


1 A 

±•11 


4D 


lUoo 


1.1 


411. 


1 not 


1 n 


4r 




JL*X 


41t 




1 1 
1.1 


411 




1 n 






1 1 


4J 


1065 


1.1 


4K 


1010 


1.0 


4L 


1008 


1.0 


4M 


1025 


1.0 



ig6^^$^*:^#t, lOOOA ( i&^^tfL ) ffin^l^M:. 

^■^^%1^M:i^n-^A ( 4A~4M) t^l^>^^ Cs/Al fifflaj^rt: ( 



3S 



^2 





( A) 


Cs/Al 


4A 


895 


0.6 


4B 


941 


1.1 


4C 


884 


1.1 


4D 


911 


0.7 


4£ 


922 


1.1 


4F 


1022 


n o 

0.8 


4G 


919 


1.2 


4H 


1015 


1.3 


41 


lUo7 


U. / 


4J 


908 


1.2 


4K 


895 


0.5 


4L 


920 


1.0 


4M 


950 


1.1 



4A~4M) t. :i:'M^>^^ 1008A( 100.8nin), t^^J^J^-^ 1093 
A(109.3nm). ^^-eL. ^ik^^%m^Jk^t SSA ^Al^t^^ ^M- 
j^, #JL, Cs/Al I^^A>b (Mi^^) itr 1.0-1.10 l£®I^^#^#t 

.j^^^feLlOS-tfi^F*'!^*, (4A~4M) t. i^;^^ J: ^ 884-1067 A 
6^^fflt» Cs/Al 6^ iB.j3lrtSHL>i§t 0.6-1.3 6^ 

[^?fe^ 1] 

( 1 ) :f *L EL TG'ff ^1 it 

^^t^litl^^^-l 1 EL TG-f^Ht, /^y'|->^ 1.1mm. 

25mm, f; 75mm 6^^">95t^^*LJi. Pa*l>&6(HTO ^^6^ 
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^ UV ( t^h^ ) ^k^vk^ 10 ^4^. 
(2) 

^(mA^ 10:1) 4t^J^^^^fy, >J§t^J^^#i^^B.J.*^ 
IxlO-^Torr^, 100W> J^^LiS;! 200X: 6^#-ftit^ti^#. 

"f^Al^M- lOnm 6^^;^^J^>g-. 

(3) ;r*L4Lit>g-^fi^^/il 

^#6^^^^^Jiit#^^, ( 6) ;^ 

T^rfi^r'ft.'^^ ( icXyn-i^^ DPVTP) ^^J^A^^M 212B t. 1^ 
#*L#;?&^*UiLit##6^^(24)^*6^4fc^4^( J^iTj^t^^ DPAVBi) 
:*^>^t^^#t*:« 212C t, ^^il%^iS^A.>&«^:f*L>ffc>^# (Alq) 
^^J^A^^M HID t» *i^^l51*l>g-6^-^^6^^4 (Al) ^ 

212E t, ^^AK*L>g-6^-^^6^r^>^ (Li) ^fL 
212F t- 

i^;^JI-^#jLj.ii^J lxlO-*Torr litTfi^ J^^>!l.>^, 

45-^, it*^*^, ifj^^^^jftil^ 212B ^^^l^ltiS 212C 
^VXrf^^:^^^ DPVTP 3^ DPAVBi H^^^, >^E.^*L^|^^Jl^ 

DPVTP 6^ 0.5nm/s 
DPAVBi fi^ Jl- ^#:|til;S.: O.lmn/s 
DPVTP/DPAVBi 40niii 

^lija., p^^lSlBt^^l^lt DPVTP ^ DPAVBi 6^^iL^:5fe>{f4^>t^ 
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f^^Tk, ^^mf^^±^M 212B ^ 212C ^^^M^W^ 
^i^»]'&M.^^^^yfri^^^ 30mm fi^^f^^-h, J^-m^^T^^^ 

DPVTP DPAVBi ^Bt^iL, #JL>&%;^ 
-i$.>&^;feL-^:^#iN^^^ 5rpm ll -ii^^^^^iCit 

jf'J^^^^ltiS 212D ^»aT4^'H^4^^iL Alq, Jt^;^;5^C 
it>& Ji ^ i?. ifc ^ '3^>^ 

AIq6^J-^^lt3l>^: 0.2nm/s 
Alq6^;^>?^: 5nm 

j|lJ&, if'J^^^^Iti^ 212E ^^^^^2^ 212F ^i^iL Ei, ^ 

Am^^^ltit;!: Inm/s 
U^jA^^it^J^- O.Olnm/s 
Al/Li6^1^;f: 200nm 
(4) ^^^LELit-frfi^-^^ 

*&#I>j6^^=^ELiG#«^W*L;i-#i&^ (-) %*L. ^fn^M^^^ 

i& 1.5mA/cm^ J^it^>^:5«; 127iiit ( cd/m^ ). jtb:^h, J9l iAililc. ^ ^ 
^. .?&JL, lOmA/cm^ g^%aJ.4S^9t, 

^it 1000 8t »5t -t , ^ 'fc 



41 



^3 





^ikiH 1 


2 


3 


4 




ITO 


ITO 


ITO 


ITO 


Id ( eV) 




0 


S 0 




J6i;^ ( nm ) 


75 


75 


75 


75 


jF, ;br St « vg. 

yvj -^u y» 


fi.'ft, Sn/ 






SiO Ru 




^4fc Ru 


Ru 


ft^t. Mo 




Ip ( cV ) 


5.53 


5.53 


5.47 


5.54 


( nm ) 


1 

X 


2 


1 


2 




DPVTP/ 


DPVTP/ 


DPVTP/ 


DPVTP/ 




DPAVBi 


DPAVBi 


DPAVBi 


DPAVBi 


1^;^ ( nm ) 


40 


40 


40 


40 














Ala 


Alq 




Ala 


iK^Tf- ( nm ) 


5 


5 




5 




AL/Li 


AL/Li 


AL/Li 


AL/Li 


fSLM- ( nm ) 


200 


200 


200 


200 






1 7 




1 n 


(mA/cm^) 










^ A 1^ 


127 


137 


114 


130 














1000'h»t>5^Jt 


1000 'hBt>5( 


1000 'MH-JS^-t 


1000 'M»t«J:. 






Ji 








83 


83 


82 


83 



42 



^4 





»bi&^ 1 


Ksl^^ 2 






Trn 
iiyj 




1 1 u 


Ip ( eV ) 


5.0 


5.0 


5.0 


B£ ( nm ) 


/ 3 


/ s 


7S 






^-fti Sn 


H^fc Ru 


Ip ( eV) 




4.8 


5.4 


J&S. ( nm ) 




10 


10 




DPVTP/ 


DPVTP/ 


DPVTP/ 




nPAVBi 


DPAVBi 

M^M Jrmw XVI 


DPAVBi 


JSiM- ( nm ) 


40 


40 


40 




Ain 


AIo 


Ala 


JBI>^ ( nm ) 


5 


5 


5 










fil^ ( nm ) 


200 


200 


200 




2.2 


0.9 


0.6 


(mA/cm ) 










127 


68 


20 


(cd/m*) 










i6.t 1000 'hut 


1000 'h^VX±. 


1000 'J-Sj-Jit-h 




87 


80 


53 



[^^iH 2-4] 

5.4eV yAX¥}ik. ^it^yh^jSi'f'^^^JSiM^^l^^^^^^. S 
jfc, ^ik^^t^^^^^^ DPVTP 6^ 5.9eV d^^-l^'fiSilfefrifc^;^ 
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[tbi^ifi 1] 

2.2mA/cm2, ^^^^^ 127nit ( cd/mM. jfc^h, M 1 
ISI#, 10 mA/cm^ l^^^ai^R^N-, 1000 'bHy:iM. 

tbi^^ 2 EL ^^^^^^ 1 6^^^ EL 7t^¥j^ 

-5rJ«.^^'j:^fe6^iCit, >tajH:.Bt6^^i^^>^^ 0.9inAW, 
68iiit ( cd/m^). -fa A, ^ 1 3#» .^t^ 10 mAW 

g^^SiLlK^Bd-, >i9t 1000 'hat 4fe,:?^JL^5S%>^. 

[tbife-J^ 3] 

^ti^^^] 3 6^^*L EL ^^^'J 1 ^^*t. EL K.^^^ 

f!l6^^*l.EL7G>H^t. -^^ife^l^^, 10Vfi^jLi^*..ffi.. 
■&m.^^&^^^ifi l~4;fa>b^2V. 

T;9(LS5'J^&^^^» ^jtbBt^^'^^^t.;??; 0.6mAW, 
itit^;!^ 20nit (cd/m^). ^^4:. ^^-^il 1 >j§E.^10mAW 

[^ik^ 5~10] 

$.'^^^] 5-10 t, >^ 5 ^;f^, ^^fB^Mc^^M^^m^M: 
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^5 









7 


^^^4 8 


^iki^ 9 


fi^^i 10 




IZO 


IZO 


IZO 


IZO 


IZO 


IZO 


ip I CV } 








5.2 


5.2 


5.2 


iR./f- V nm / 


ou 




90 


80 


85 


85 




JjS,4fc Zn. 




AK 




IL^^fc Si. 


AK 




IL4b Pd 


ILifc Pd 


Re 


Ru 


Pd 


Pd 








5.5 


5.5 


5.6 


5.6 


J^>/|- ( nm ) 


80 


85 


90 


80 


85 


85 




illrV Ir/ 


nPVTP/ 

I/Jr V IJr/ 


fiPVTP/ 


DPVTP/ 


DPVTP/ 


DPVTP/ 




DPAVBi 


DPAVBi 


DPAVBi 


DPAVBi 


DPAVBi 


DPAVBi 


itf WL ( nm ) 




80 


80 


80 


80 


80 


















Alq 


Alq 


Ala 


Alq 


Alq 


Alq 


0LJ^ ( Dm ) 


5 


5 


5 


5 


5 


5 




AL/Li 


AL/Li 


AL/Li 


AL/Li 


AL/Li 


AL/Li 


JR^ ( nm ) 


100 


100 


lUU 




lUU 




'fc 


1.6 


1.4 


1.8 


1.8 


1.7 


1.8 


(mA/cm*) 
















156 


145 


133 


122 


144 


115 


(cd/m*) 
















lOOO'l'Sti'Xh 


1000'J'Bt«5<Jt. 


lOOO'haj-vXi: 


1000'^»i•^:U:. 


1000 'J-BtyXJi 


1000 'J'BtviLL 




88 


85 


86 


85 


88 


88 



[^^fe^ 11] 

(1) ^f^^EL/C-ft-fi^^JitJ^^ 



45 



^fyjtn 72 Ir/ ( In+Ir) ^jJ^^itiLM 0.02. 

^#^^>^i^^J*rtJ^> -^t 1400X:ja>lT;&p^:^#J 36 

(2) fa*L;^^^il 

l.lmin> 25mm. % 75mm it^^^M^^^^^^^^]^^ h 
Ma|.#^JL, ^>f->t. 75nm 6^ai:B^^*U^'f^7(?ra*l>&;*:^^. -i!-^, 

'f^, ^T^^t.t> ■fe^^^S;^: 25X1, lOOW. J^MBtlal 14 

^ UV ( t^Y^ ) '^^^T^* 10 >^tig[4^^T, >j9t«.^ AC-1 ( S 

>!gfit#*L^J ) 3!'J^J-;feL6^PH*l;&6^%l5^>fi6^>fiBt, i& 5.54eV. jfc 
^h, >j?t.«'l^^^Fa*L>&6^^;feL^^it^ ( 550nm) Bt, 80%. 

(3) ^^n^fSLM:^r^A 

6tj^$#l^, lS]8t4c^'ft.^^*.^t.4y;|^^6^^fc2^^^^$#l^. # 

IxlO-^Torr 6^4^.^T, -^^^ife 

(4) 

:^4fc-#-^ (DPVTP) 4.fL^$r'^^fm 212B t, A^^^i^L 
it>g-6t-^^6^^#i^4fc'^^ (DPAVBi) 4^>^t^^^|ti$ 212C 
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t, ^MiA^^^^Mr^t^^-^^ <Alq) ^^^A^^it'^ 212D 
t, ^mAm^M:^-'^^^^^, ( Al) ^i^.>^a^^^^til| 212E t. 
^^Am^^^-^^^^M, (Li) 212F t. 

<^B-^^#jLJ.ii,J'J IxlO-'^Torr T ^ ^ , ^J^^feL 

if;^^^^, ^-fl^I-^^^^. Jt^^^ijL, M $r±^^'^ 212B 
J^^liltife 212C ^lar/^f ^#-ff ^ DPVTP ^ DPAVBi Btil^;^, 

DPVTP ^ A^^^^JSL' CSnm/s 
DPAVBi fi^A^^itytA- O.lnm/s 
DPVTP/DPAVBi6^J^>?^: 40nm 

^d^^^^ft* 212B ^ 212C >^^*L60:^#*lr^!^j|'Jtlti^-^*>^ 
30mm 6^>{2.JLJi, .i9t^4^ ^Tii#>^. ^'J^^^^^lt 
^>i3t DPVTP ^ DPAVBi jSIftl- ji-JL, ^ . -ii^^ 

^J^^^it#:i!^ 212D ^»2*T^>H^ 45^^41 Alq, >^t^;^iL 

Alq 6^^^^|tii.>!l.: 0.2nm/s 
Alq6^i^Jf: 5nm 

ILJ^, ifJ^^^lftJtSS 212E ^$r^¥Li»in. 212F i^it^iL Li, >i5t 

Alfi^^^l^ltii.;^: Inm/s 
Li6^^^^itil.g.: O.Olnm/s 
XVlAi^^J^' 200nm 
(5) ^■^t.ELTG^fi^r-^'flh 

4e.#^'j6^^*t*ELib#6^E«*L;&'ft:H^^ (-) ^Pb*L>S-#^ 
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it(+) *.*L, J^n^^^H^if^ 8V 6tjL*^%^. ^H^^^^^-^ 
^ l.lmAW, Xks^JSLy^ 89iiit ( cd/m^ ). miK^^^^^ 

12] 

^6^>^^rt; (In/ ( In+Sn+Zn)) 7^ 0.6, ^¥jJ^lr-it 
( Sn/ ( In+Sn+Zn)) ^ 0.3, ( Zn/ ( In+Sn+Zn)) ^ 0.1, 

#JL, ^J^^4¥^fi^^^^^it ( Mo/ (In+Sn+Zn+Mo)) ^ 0.02 
Si-X^h, -^^ife^ll^#. ^J^;^*t.EL;^'fr. Pa*L>g:6^^^ 
^it^^^ 5.46eV. 

;&a 8V6^ jL»l.^.&Ht, ^ i^it>!l6^>{li{y 1.4mA/cm^ Xit^;^^ lOSnit. 
[^^^ 13) 

^f^^^^-f^ 11 t6^^ 1, l^T^^i^^'f^^^ ^it^. 
^^it^m^^y -^fi^^^^tb ( In/ (In+Sn+Zn)) ^ 0.6, ^^>^^tb 
( Sn/ ( In+Sn+Zn)) ^ 0.3, ( Zn/ ( In+Sn+Zn)) 0.1, 

^y^^'^^fi^^i^^^^Jb ( Pd/ ( In+Sn+Zn+Pd)) jHt 0.02 4 
VXi^y. ^^^^\ 11 ^1^:^*1* EL iC>ff. Pa*L>&6^^^ 

^>f3:#^<l7«; 5.60eV. 

^^^M 11 J^^^^-^^^s EL iG#-6^^*L^I«J^ 

8V 6^ jL5l.ifc>&Bt. *.2S.st.t.fi^Ai(r 1.4mA/cm^ ^^^J^^ lOSnit. 

[^^-^'J 14] 

«^ 4^ 4^ rt: (In/ (In+Sn+Zn)) ^ 0.6, #6^#^Jt 
( Sn/ ( In+Sn+Zn)) i?r 0.3, Hi ( Zn/ ( In+Sn+Zn)) ^ 0.1, 

JL, ^Jb#'^^^6^#^6^4^^>b ( Re/ ( In+Sn+Zn+Re)) ^(^ 0.02 5 
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^'t^fi^mi^r 5.52eV. 

-^^^^'J 11 — #, ^^^i>^t^ EL 7G'H^6^^4s.4::i«l^ 

;*a8V6(j jLijl.^>aBt, ^ '^t ^^^'(i.:^ 1.2mAW, iL^^^^i^; 94nit. 



^6 





^ife^W 11 




13 


4^ ikJ -4 4 

%^vi 14 




In/ 

■^*4 |w M.MU 


Jil.'ft iw 


In/ 


In/ 








IL-fb Sn/ 


sfLiC Sn/ 






SLifc Zn/ 


IL^Zn/ 


ip.'ft.Zn/ 








^t4t Pd 


JRi^fc Re 


Tn ( eV ) 


5.54 


5.46 


5.60 


5.52 


JBlJf^ ( nm ) 


75 


75 


75 


75 


X\J 1M T 1 


DPVTP/ 


DPVTP/ 


DPVTP/ 


DPVTP/ 




DPAVBi 


DPAVBi 


DPAVBi 


DPAVBi 


BiJ^ ( nm ) 


40 


40 


40 


40 




Alq 


All| 


Aid 


Alq 


JBl>^ ( nm ) 


5 


5 


5 


5 




AL/Li 


AL/Li 


AL/Li 


AL/Li 


SiJ^ ( nm) 


200 


200 


200 


200 




1.2 


1.1 


1.4 


1.2 


(mA/cm*) 












97 


89 


108 


94 


(cd/m*) 












1000 'Mltrt-t 


1000 'Mlt«i 


1000 'httt^-fc. 


1000 'hBt^it-t 




80 


79 


77 


81 



[^^-^ll 15-20] 
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^m^^ (8) ( )cJLrnv^^ DPVDPAN), ^^'^ini^ 

x^M:f^^^<^^ ^m^^i23)^^¥iit^^( yxrnii^^ pavb) 

icJL^Y, M^^^ 11 n^i^MA^¥^ EL 7G^, ^nifift. ^ 7 
^, 5.4eV vXJi 6^^(11. 
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^7 





IS 


16 


17 


Hk^^ 18 


^:5fe*l 19 


$^14 20 






IL-ffc In. 


In. 


^^fc In. 


ILIfc In. 


4l4fc In, 




Zn 


ft.'tfc. Zn. 


Zn. 


Zn. 


Zn. 


Sn, 






ILflS Ir 


1S.4fc Re 


V 


4^ 'it Mo 


^Ifc Mo 


B/(A+i>+C) 






0.25 


0,25 


0.25 


0.1 






0 03 


0.03 


0.03 


0.03 


0.03 


ip V C V ' 




S.S2 


5.51 


5.46 


5.43 


5.41 




80 


85 


90 


80 


85 


85 








|L4fc AK 




fLILib Si. 


iL4fc Al, 






IL^fc Pd 


ILIb Re 


Ru 


Pd 


IL'ifc Pd 


Ip ( eV) 


5.6 


5.6 


5.5 


5.5 


5.6 


5.6 


M. ( nm ) 


80 


85 


90 


80 


85 


85 






DPVTP/ 


DPVTP/ 


DPVTP/ 


DPVTP/ 


DPVTP/ 




DPAVBi 


DPAVBi 


DPAVBi 


DPAVBi 


DPAVBi 


DPAVBi 


1^ & ( nm ) 


O V 


80 


80 


80 


80 


80 


















Ala/Cs 


Alq/Cs 


Alq/Cs 


Alq/Cs 


Alq/Cs 


Alq/Cs 


JBiM- ( nm) 


5 


5 


5 


5 


S 


5 




AL 


AL 


AL 


AL 


AL 


AL 


tkfl- ( nm ) 


100 


100 


100 


100 


100 


100 




1.4 


1.5 


1.5 


1.6 


1.8 


2.8 


(mA/cm*) 
















156 


135 


143 


142 


144 


140 


(cd/m») 


















1000'hBji5t-L 






IQQO'Miteti:. 


1000 'J'8t«± 


i8:ifc#(%) 


82 


75 


76 


85 


85 


78 
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[^^ifi 21] 

$.^4S^M, ^6^#^>b ( In/ ( In+Sn+Zn)) i(y 0.6, ^^^^it 
( Sn/ ( In+Sn+Zn)) i(y 0.3, #6^ if: ^ It ( Zn/ ( In+Sn+Zn)) ^ 0.1, 
^JL, ^>^#^«^4j6^>!t 4:jt (Ru/ ( In+Sn+Zn+Ru)) i(r 0.02 
6v:A^h, -^^;5fe^^!l 11 J^#, ^J^^*L ELit-ff. fa^;^^*.^ 
%>{£6^^>(; 5.52eV. 

^l^ife*! 11 ^^i^^t^ EL >G#6^^*L4L|Bj;5fe 

^'SVfi^jLSt^^l^lN-, *.3J.^>S.fi^>fiiL;Hr 1.2mA/cm^ 195nit. 

[^ife^d 22] 

4afi^4^i5^rt: (In/dn+Sn+Zn)) i«r 0.6. 
( Sn/ ( In+Sn+Zn)) i& 0.3, #6fr>^*Jt ( Zn/ ( In+Sn+Zn)) ^ 0.1, 

#JL, ^>^|^'^6^4K.6^#^>b ( V/ ( In+Sn+Zn+V)) ^ 0.02 6^*1 7 

f:i^h. ^^ife^ 11 *'J;S.;^*L EL >G#. fa:feL>&fi^^^ 

%#:fi^^fci& 5.45eV. 

##, 11 EL 7G^6^%*L^|Bl;5fe 

8V6^jL»i^>ffi.St, l.lmA/cm^ ^^^^^ %4mt. 

[^ife^ 23] 

^^f^^MMl^ifiHl, I^T^^*|i4fc^, ^^^^^ 
^^t^^jiiii^, ^ 6^ >f: ^ ( In/ ( In+Sn+Zn)) ^ 0.6, ^6^>f:^5^>b 
( Sn/ ( In+Sn+Zn)) 0.3, #6^#^>b ( Zn/ ( In+Sn+Zn)) ^ 0.1, 
#JL, <trJ^I^^6^^^>f ( Ir/ ( In+Sn+Zn+Ir)) ^ 0.02 6^^i 8 

j':i^K -^^ife-W 11 EL it^. ra*L>g-6^t.^ 

5.49eV. 
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-^^^^i 11 ^^^^^^ EL 7G#6^^^4l|bI^ 

;&ii8V6^jL3S.*.;S^at, ^7SE.^>t.6^^:H? 1.2mA/cm^ ^^^^^ 93nit. 

[^;3fe'^!l 24] 

^6^# * ( In/ ( In+Zn ) ) ^ 0.78, Hi ( Zn/ ( In+Zn ) ) 

i& 0.12. #JL, #>fl^6^^rt; ( C/ ( In+Zn+O) ^ 0.1 10 iSA^h, 
^^^^'\ 11 I'JA^;^ EL 7G^. FH;^>g:6^^^*.>fi6^ 

it^ 5.31eV. 

^^:5fe'«fi 11 EL it#6^%*l^l8j^ 

;&i»8V6^jL3lL^>^Bt-, %3fc§iiL«^-lfci& 1.4mA/cIIl^ iLit^>t.i& 120iiit. 

[I^^m 25] 

^R.f^^ife'fN 11 t^^^fcl, I^T^^^^^t^. |L^t#^ 
|L>ffc>i^;|^A6^, ^«^Jfrii:«: ( In/ ( In+Sn+Zn)) 0.6, 
( Sn/ ( In+Sn+Zn)) 0.2, #6^#^Jfc ( Zn/ ( In+Sn+Zn)) ^ 0.1, 
ff-X, ( Si/ (In+Sn+Zn+Si)) ^ 0.1 6^^i 11 icl^Y, ^ 

;5fe^ 11 *JA^*L EL >G#. 41-^, fa*L>g:fi^^^%<i6^<iLi(y 

5.26eV. 

^4-, ^^ife-W 11 >^E.|t#6^;f*l. EL iG4ffi^«.*L^lBlife 

8V6^i:»l.t.>ffi.8t, ^iit^>^6^'ft.i(r l.lmA/cm^ iLit^;!:??^ 90mt. 

[^ife^ 26] 

-f^^^ife^ 11 tfi^^l. I^T^«*^4fc^. *.4fc#, IL4fc#^ 
-S^^l^^^d^, ^6^#^>b ( In/ ( In+Sn+Zn)) 0.6, ^^^^^ iSn/ 
(In+Sn+Zn)) ^ 0.3, #6*i#4^tb ( Zn/ ( In+Sn+Zn ) ) ii; 0.1, # 
JL, ( C/ ( In+Sn+Zn+O) ^ 0.2 6fr4fc 12 ^ 

^ 11 EL it^. -jf-^, rB*L>&fi^*.^*.'^6^'tt:5& 

5.30eV. 
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-^^^^ 11 -#> ^^^^^^ EL 7G^^^*I^I8]^ 
8Vfi^ jL5S.*.;S.Bt, ifc ^^^^gL^^m^ 2.4mA/cIn^ iSlib^^^i^ 190iiit. 

4] 

A¥ty -ftlfitr^^^i? >b ( In/ ( In+Sn+Zn)) ^ 0.6, 4& 6^ # ^ J^b ( Sn/ 
(In+Sn+Zn)) ^ 0.3, #fi^4^4?tfc ( Zn/ ( In+Sn+Zn ) ) 0.1 

%>fifi^>£iLi& 5.23eV. 

M^^"^ 11 -#» ^^n^^^ EL 7t^6^^;feL4L)«I^ 
;au8V6^J:'2St.^>^Bt, 0.6mA/cm^ iLit^;t.i& 49iiit. 
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^8 





^mi2i 








>i. JUt AM 
































lUfcSn/ 




















IWfcZn/ 






IMtRu 






4MtSi 






Jp (eV) 


5i52 


545 




531 


526 


Si30 


523 


m 


75 


75 


75 


75 


75 


75 


75 


(nm) 


















DPVTP/ 


DPVTP/ 


DPVTP/ 


DPVTP/ 


DPVTP/ 


DPVTP/ 


DPVTP/D 




DPAVBi 


DPAVBi 


DBWBi 


DPAVBi 


DPAVK 


DPAVBi 


FAVBi 




40 


40 


40 


40 


40 


40 


40 


(nin) 


















Alq 


Alq 


Alq 


Alq 


Alq 


Alq 


Alq 


















m- 


5 


5 


5 


5 


5 


5 


5 


(mn) 


















AL/U 


AL/Li 


AL/Li 


AL/U 


AL/U 


AL/U 


AL/U 




200 


200 


200 


200 


200 


200 


200 


m- 

(nm) 


















L2 


LI 


12 


L4 


LI 


2.4 


a6 


(mA/cm^ 


















95 


84 


93 


120 


90 


190 
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1000 'hat 


1000 'J^i^ 


1000 'hN- 


1000 'J-N" 


1000 


1000 'J-Bt 


>f^.1^1000 




iSLh 
















81 


80 


81 


77 


81 


78 


79 
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EL iC'H^ 6^ EL ic^ 6^ 3i:3r * . 



36 



ijL m ^ mm 




-1- 



106 i^J^EL^i^ 



14 -t^^^^M: 




13 :^^mm,M: 

12 :j^^^jg|>g 



10:fa;fe>& 



-2- 




-3- 




-4- 




-5- 



Wa 



(a) 




Ei 



Ec 



J 



LUMO (AO 



HOMO dp) 



Ev 



^^^^ 



(b) 




Wc 



HOMO dp) 



-6- 



